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•SUMMARY 


The purpose of this study was to determine the feasibility of an IPAD system, define 
its operating philosophy and organization, and generate an IPAD system design 
featuring the best approach identified during the study. 

The study was divided in two phases encompassing eight tasks. An overall 
study summary is reported in Volume I. The detailed results of Phase I (Tasks 1 
and 2) are reported in Volumes IE to V. Volume VI includes the results of Phase II 
(Tasks 3 to 8). 

An evaluation of the design process, as viewed through the activities of vari- 
ous design and engineering disciplines, was performed to segregate the basic 
creative and evaluation procedures used in the design of an aircraft project. 

Volumes II and m present the results of the evaluation. This effort yielded a 
specific set of disciplinary functions required, and identified available automated 
procedures that can be used in an IPAD system. It also identified a series of pro- 
cedures presently carried out by hand and further developments that are needed to 
automate these latter analyses and to conduct the whole design process in a more 
efficient, cost-effective manner. By reviewing the participation of various discip- 
lines within a project design team, a usage philosophy was evolved whereby the user 
— the engineer— is the focal point of the IPAD concept. This concept involves two 
major ingredients; an Engineering Capability consisting of a battery of Operational 
Modules, and a Computer Software/Hardware Complex where that capability will 
be installed and exercised. The engineerit^ capability is modular and will be 
tailored to the specific needs of the project team, while the computer complex could 
be essentially the same for all teams, barring differences among computing sys- 
tems. 


The principal mode of operation is using interactive graphics equipment. The 
system also includes less sophisticated interactive terminals as well as the common 
hatch mode operation. Details can be found in Volumes III and IV. 

A First Release Capability for IPAD is recommended consisting of engineer- 
ing operating modules, computer systems software and required computer hard- 
ware and peripheral equipment. Details of this recommendation can be found in 
Volume I, Section 2.4. 

This volume includes a series of Functional Flow Charts that were developed 
to properly identify and record the degree of participation of the disciplines con- 
sidered in this feasibility study and the type of data required in the design process. 

A discussion of these charts is given in Volume II, Chapter 
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1 INTRODUCTION 


The design of a new aerospace vehicle is presently a complex, long-term pro- 
cess, At the onset, a set of objectives is identified in the areas of mission, weight, 
performance, payload, range, etc. ,' which are specified with a fairly good knowledge 
of the available design technology and constraints. 'The designer's goal is to minimize 
cost, while meeting basic project objectives. The designer possesses a fund of accumu- 
lated experience and knowledge which he applies, with intuition, to the requirements 
and constraints he has been given. The knowledge and experience of the designer are 
more and more frequently being delegated to the computer; the intuition and imagin- 
ation can never be. Some of the purposes of the IPAD-feasibility study were to deter- 
mine what sections of the design process are amenable to automation; how much moni- 
toring must the automation have; how can the design process be effectively organized; 
and, most important, how can the management/ designer/ engineer team members re- 
tain the visibility and control necessary to exercise their intuition and imagination in 
the design process. 

The introduction of automation is a significant change in the design process; 
however, the important management aspects of this change are not only related to 
the technical details of engineering disciplines, programming, databases, etc. , but 
the key to success also depends upon managing the adaptation required of the people 
involved in the use of the automated process. 

Automation of any process requires not only a thorough knowledge of the process, 
but of the pivotal factors that drive and control it. When the process involves the 
myriad details of project team data flow and communications, many programs and 
subroutines, thousands of variables, and the ramifications of computer operating 
system characteristics,- it is easy to lose sight of the fact that it is still the designer 
- the engineer - who is the key driver and decision-maker in the process. 

Although the various volumes of this report describe some of the considerations 
necessary for the technical basis needed to successfully automate the design process, 
the underlying, guiding philosophy has been that of providing a tool adapted to the needs 
of the members of a management/ designer/ engineer team — the ultimate users— and 
that is a truly useful tool. The acknowledged principle has been that the engineer and 
his management are generally more interested in solving the design problem than in 
becoming a better communicator with the computer. 

The scope of the total IPAD feasibility study is illustrated in Figure 1-1. The 
study was .(^vidgd into ;the following eight tasks within two study phases: 
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Figure 1-1. IPAD Study Flow Chart 





































PHASE I 


STUDY PLAN COORDINATION 
TASK 1 - CHARACTERIZATION OF IPAD SYSTEM 
Define an IPAD Engineering Usage Philosophy 
Identify Feasible Automated Design Procedures 
Evaluate Adequacy of Existing Computer Programs 
Recommend Areas for Further Development 
Determine IPAD Feasibility and Applicability 
Recommend EPAD's First Release Engineering Capability 
TASK 2 - DESIGN OF IPAD SYSTEM 

Define a Systems Operating Philosophy 

Evaluate System Design Options 

Identify Elements of IPAD’s Utility Library 

Investigate Organization and Management of Data Bank 

Determine Number and Type of Input/ Output Terminals 

Determine Host Computer Complex Configurations Adequate for 

IPAD 

Recommend iPAD's First Release Computer System Capability • 


PHASE H 

TASK 3 - IPAD IMPLEMENTATION SCHEDULE 
TASK 4 - IPAD SYSTEM DEVELOPMENT COST 
TASK 5 - IPAD SYSTEM OPERATIONAL COST 
TASK 6 - IPAD SYSTEM BENEFIT ASSESSMENT 
TASK 7 - IPAD IMPACT ON COMPANY ORGANIZATION 
TASK 8 - IPAD SPIN-OFF ASSESSMENT 


Figure 1-2 summarizes the main features of an IPAD system as presently 
conceived and described elsewhere in this report. ' 
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IPAD IS: 

• AN INTEGRATED SYSTEM OF AUTOMATED MODULES. 

EACH DISCIPLINE IS RESPONSIBLE FOR ITS OWN CAPABILITY DEVELOPMENT, 
UPDATE & GROWTH 

• A USER-ORIENTED & DIRECTED MODULAR SYSTEM WITH FLEXIBILITY FOR CHANGE, 

ADAPTATION & EXPANSION 

• A HARDWARE/SOFTWARE COMPUTER SYSTEM DESIGN APPROACH 

TO PERFORM ENGINEERING DESIGN PROCESSES MORE EFFECTIVELY, 
ECONOMICALLY & SWIFTLY 

• A COMPUTER SYSTEM STRUCTURE 

USABLE IN MANY ENGINEERING & SCIENTIFIC FIELDS 

• ITS DATA BANK IS THE REPOSITORY FOR ALL DESCRIPTIVE & INFORMATIVE DATA 

GENERATED BY THE ENGINEERING/SCIENTIFIC TEAM FOR A SPECIFIC PROJECT 

• A MANAGEMENT-TOOL , 

TO PROVIDE IMMEDIATE VISIBILITY INTO PRODUCT STATUS & PROGRESS 

• INITIALLY, A REASONABLE ENGINEERING CAPABILITY (SET OF AUTOMATED 

MODULES) MOUNTED ON A STATE OF THE ART HARDWARE/SOFTWARE STRUCTURE 
THAT CAN BE. READILY IMPLEMENTED 

• ULTIMATELY, A COMPREHENSIVE, DYNAMIC ENGINEERING TOOL SUPPORTED BY 

EFFICIENT, COST-EFFECTIVE HARDWARE/SOFTWARE CAPABILITY 

• AN EDUCATIONAL AID FOR TRAINING NEW ENGINEERS IN THE USE OF VARIOUS 

DESIGN PROCESSES 

IPAD IS NOT: 

• ASINGLE, HARDWIRED COMPUTER PROGRAM 

• AN AUTOMATED, SINGLE-PURPOSE PROCEDURE 

• A DISLOCATED ARRAY OF RANDOMLY COLLECTED COMPUTER PROGRAMS 

• A SYSTEM OF PROGRAMS TO BE RUN BY A SINGLE DISCIPLINE 

• A SYSTEM OF PROGRAMS IMPOSED BY AN AGENCV (OR COMPANY) ON THE 

AEROSPACE INDUSTRY COMMUNITY 


Figure 1-2. Major IPAD Features 


4 




2 THE IPAD SYSTEM DESIGN. OBJECTIVES 


The overall goal of IPAD is the automation of appropriate sections of the design 
process to shorten design time, reduce cost, and improve the ultimate product. 

The objectives of the present study were to: 

Develop IPAD's Operational Philosophy 
Establish Extent of IPAD Support of the Design Process 
Investigate System Organizational Options 
Determine the Feasibility of an IPAD System 
Generate an IPAD System Design 
Recommend IPAD's First Release Capability 

A series of studies were performed in pursuit of these objectives including the 
following: 

1. Design Process 

a. Chararacterize.the design process dividing it in various design phases, 
and segregate the basic functions performed by several representative 
design/engineering disciplines in each phase. 

b. Identify the interdisciplinary data flow for manual/ automated pro- 

" cedures and man-Eal(chine interfaces occurring in the design process. 

c. '^Evaluate the adequacy pf existing computer programs and operating 
^ modules for use in IPAD. 

d. Define an IPAD usagg,philosophy from the engineering user point of view. 

e. Identify optimization techniques to be included within an IPAD system, 
f;' Recommend IPAD's first release engineering capability. 

2. Gq^nputer System. 

Define the system operating philosophy and evaluate system design options. 

b. Investigate the organization and management of the Data Bank. 

c. Identify and describe the software elements of a Utility Library for IPAD. 

d. Determine the number and type of Input/Output Terminals. 

e. Determine host Computer Hardware/ Software Complex configurations 
adequate for IPAD. 

f. ’ Evaluate language and^Size limitations of existing operational modules, 

g. ''Jflecommend IPAD's first release computer system capability. 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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3 DESIGN PROCESS FLOW CHARTS 


This section presents flow charts of the design process for aircraft and of 
pertinent Creative/Evaluation Processes as discussed in Volume H, Chapter 3 of 
this report. 
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Figure 3-1, 


Conceptual Design Phase , Continued 
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Figure 3-1, Conceptual Design Phase, Concluded 
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Figure 3-3. Functional CEP Flow Chart Form 












Figure 3-4. Coirfiguratioix Design Process 


















TABLE 3-1, CONEIGLIiATrON DESIGN CEP’S AND COMPUTER PROGRAMS 



CEP 

J Design Phase 

TASKS 

C 

PD 

DD 

Develop Layouts of Concepts and Basic Design Data 

CD! 

X 



Parametric Evaluation of Configuration Concept 

CD2 

X 



Initial Configuration Layout s 

CDS 

X 



Perforin Risk Assessment 

CD4 

X 



Develop Layouts for Trade Studies 

CDS 

X 



Selected Configuration Layouts 

CD 6 

X 



Perform Configuration Control Studies 

CD7 


X 


Provide Concept Configuration Description 

CD 8 


X 


Final Configuration Control Studies 

CDS 


X 


Configuration Design Studies 

CD 10 

X 

X 


COMPUTER PROGRAMS 





Wings, Tails, Airfoil Surfaces: 


X 

X 


Various lines programs for fixed and variable sweep 
wings, fixed and all movable tails, canards, etc. 

Input: Area, aspect ratio, taper ratio, sweep, airfoil 
ordinates, camber prdinates, twist, pivot pin location 
and angle. 

Output: Pianview and front of surface element lines, 
section cuts through surface spanwise, chordwise, or at 
any skewed angle, print out of cross-sectional area and 
surface arc length or wetted surface areas. 





Control Surfaces & High Lift Devices 


X 

X 


Input: Pianview and front view location of hinge lines, 
sh^£ dimensions and ordinates of surfaces such as 
fla^^^anes, slats, ailerons, etc., and angle of rota- 
tion^P movement. 

Output: Pianview, front view, and cross section cuts 
through the surfaces at prescribed rotated or translated 
conditions. 
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TABLE 3-1. CONFIGURATION DESIGN CEP'S AND COMPUTER PROGRAMS (CONT'D) 


- 




CEP 



COMPUTER PROGRAMS 



PD 1 DD 


Fuselages, Nacelles, Bodies, etc. 

Various programs to describe the surface lines with real 
or pseudo polyconic surface description. 

Input: Bay start and end stations, points and slopes for 
the control lines (five for each polyconic surface) , points 
and slopes for the cross section area curve (if the area 
curve is to control the shape) , station to be cut. 

Output: Planview and side view of all control lines and 
cross section cuts at prescribed stations, print-out of 
all surface ordinates, cross section area and arc-lengths 
or wetted surface area. 

Inlets and Ducts 

Input: Inlet throat shape and size, engine compressor 
face diameter, center line of duct, and flow cross 
sectional area distribution from throat to compressor 
face. 

Output: Duct lines, planview, side view and cross sec- 
tion cuts at prescribed stations, cross-sectional area 
distribution, arc lengths or wetted duct simface area, 
and ppint-out of all point coordinates. 
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Figure 3-l'3. Final Configuration Control 




DISCIPLINE; CONFIGURATION DESIGN 
CONCEPTUAL AND PRELIMINARY DESIGN PHASES 


DISCIPLINE 
ORIGINATING 
INPUT DATA 



INPUT DATA 


' t,G[ I performance 

REQUIREMENTS 


SIZE INFO - 
G.W., FUEL VOL. 


GEOMETRY INFO 
WING GEOM. 
AREA CURVE 


CONTROL SURF. 
SIZE BALANCE 
LIMITS 


ENGINE DATA 
INLET GEOM. 
EXHAUST GEOM. 
ECS REQ'MTS 


COMPONENT WTS 
BALANCE DATA 
C.G. LOCATIONS 



PAYLOAD DATA 
MISSION REQ'MTS 


CREATIVE PROCESS: CDIO 
CONFIGURATION DESIGN 


OUTPUT DATA 



DEVELOP CERTAIN DIMENSIONAL DATA 


■DEVELOP 3 -VIEW DRAWING . 


DEVELOP INTERNAL ARRANGEMENT DWG 


DISCIPLINE 

RECEIVING 

DATA 


WEIGHTS 


STABILITY 
AND CONTROL 






MODEL DESIGN 









































TABLE 3-2. AERODYNAMICS CEP'S AND COMPUTER PROGRAMS 



27 










TABLE 3-2, AERODYNAMICS CEP'S AND COMPUTER PROGRAMS (CONT'D) 
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X 

X 


28 









TABLE 3-2. AERODYNAMICS CEP'S AND COMPUTER PROGRAMS (CONT'D) 
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Fi^re 3-16. Point Design Lift and Drag Analysis (With Wind Tunnel Data) 
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Figure 3-18. Wing Detailed Design 




























Figure 3-20. Aerodynamic Loads 




table 3-3. PERFORMANCE CEP'S AND COMPUTER PROGRAMS 


- 

CEP 

. Design Phase ] 

TASKS 

C 

PD 

DD 





Concept Selection 


X 



Mission Performance Analyses 





Acceleration 

PEOl 

X 

X 

X 

Climb 

PE02 

X 

X 

X 

Cruise and loiter 

PE03 

X 

X . 
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TABLE 3-3. PERFORMANCE CEP’S AND COMPUTER PROGRAMS (CONT’D) 
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Figure 3-21. Mission Performance Analyses 
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Figure 3-22, Standard Mission Segments 
























Figure 3-24. Climb, Performance ; 
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Figure 26. Mission Fuel Calculation 
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Figure 3-28. Sizing and Parametric Trade Studies 
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Figure 3-29. Flight Mechanics Analyses 
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Figure 3-30. Flight Mechanics Simulations and Analyses 



















































TABLE 3-4." PROPULSION CEP'S Aim' COMPUTER - 
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POl 
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(Inlet, Exhaust, Bleed, Power, Noise, IR) 


' 



Inlet Type and Location Selection 

P05 
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Specification of Forebody Design Constraints 

Pp6 


X 

X 

Prediction of Flow-Field at Inlet Location 

P06 
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Inlet Size, Orientation, Aspect Ratio Selection 
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. X 

Inlet Compression Surface, Variable Geometry & Subsonic 

P05 
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Duct Design 





Inlet Lip, Sideplate, etc. , Design 
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Inlet Boundary Layer Bleed and Bypass System Design 
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Nozzle External Air Loads 

P09 
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Nozzle Selection 
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Engine Cycle Selection 
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X 


Installed Engine Performance Prediction 
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X 

Engine Control System Characteristics Selection 

P12 

X 

X 
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Predict Scaled Engine Physical Characteristics 

PI 2 
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Engine Transient Performance 

Pll 
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Predict Engine IR and Radar Signatures 
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Noise Predictions 
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TABLE 3-4. PROPULSION CEP'S AND COMPUTER PROGRAMS (CONT'D) 





1 Design Phase 
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PD 

DD 
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Predict Performance of Anti-icing Systems 
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X 
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-icing/ De-icing Systems 
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T03 


X 
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Size and Predict Performance of Structural Cooling 

T03 
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COMPUTER PROGRAMS 
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Propul' 
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Subroutine or Main to Generate Internal 

P02 
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Inst 
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Figure 3-34. Propulsion Analysis 





Figure 3-35. Met Control System Concept 

































' ‘Figure 3-30. Inlet’ Performance ’ 
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Figure 3-38, Prediction of Plow Field at Inlet Ijjcation 
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Figure 3-40, Secondary Air System 
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Figure 3-42, Nozzle Selection and Performance 
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Pisfure 3-43. Installed Pnfflne Performance Prediction 





Figure 3-44, Engine Cycle and ^Jontrol Characteristic Selection 




















Figure 3-46. Adverse Weather System Analysis 






























Figure 3-48. Air Conditioning 



























TABLE 3-6. MASS PROPERTIES CEP'S AND COMPUTER PROGRAMS 




1 Design- Phase | 

TASKS 

Uiliir' 

C 

PD 

IQI 

Define configuration geometry 


X 

X 


Estimate preliminary gross weight 


X 

X 


Develop weight equations for specific configuration 


X 

X 


Define weights in parametric terms 

W04 

X 

X 


Develop weight/ size versus fuel relationships 

WO 5 

X 

X 


Estimate weights for point design 

W06 

X 

X 


Develop mass properties characteristics and refine weights 

W07 

X 

X 


Determine effect of trade studies on mass properties 

WO 8 

X 

X 


Update weights, size, geometry, etc,, to reflect effect of 

W09 


X 


trade studies 

■ 




Minimize weight 

WIO 


X 

X 

Estimate detailed weights 

Wll 


X 

X 

Develop detailed balance and loading data 

W12 


X 

X 

Detailed mass distribution and inertias 

W13 


X 

X 

Weight penalties due to A/C features 

W14 


X 

X 

Cost elements , . ‘ 

W15 


X 

X 

Weight substantiation' ’ " - 

W16 


X 

X 

COMPUTER PROGRAMS 





P5525 Aircraft weight sizing 


X 

X 


P5619 Aircraft inertia (MIPI) 


X 

X 


P5619 Aircraft mass distribution 


X 

X 

X 

P5152 Aircraft weight, C. G.., cost element tabixLation 



X 

X 

Parts count 


(i 


X 
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■ Figure 3-49. Configuration Geometry Definition 
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GENERAL WEIGHT EQUATIONS ARE ' 
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25 1 25 

W-r = C(q) (S/2) 

+ 94, s[ 


BODY: 


Wr 


, = C L(B+H>-*-] 



Figure 3-51, Development of Weight Equations 
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Figure 3-53. Weight/Size Relationships ' 
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Figure 3-55. Mass Property Data Refinement 
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' Figure 3-57. Weights, dize, and Geometry Update , 
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Figure 3-59. Detailed Weight Estimation 
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Figure 3-61, Detailed Mass Distributions and Inertias 
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Figure 3-63. Cost Elements 








Figure 3-65, Control Surface Sizing ‘ 































TABLE 3-7. FLIGHT CONTROL AND STABILITY CEP»S AND COMPUTER PROGRAMS 



CEP 

Design Phase 

• TASKS 

C 

PD 

DD 

Mechanical Flight Control System Design 



X 

X 

Automatic Flight Control System Design 



X 

X 

Basic Aircraft Stability Analysis 

SCI 

X 

X 

X 

Control Surface Requirements Specification 

SCI 

X 

X 

X 

Vertical and Horizontal Tail Sizing 

SCI 

X 

X 


Control System Analysis 

SC2 


X 

X 

Catapult Performance Analysis 

SC4 

X 

X 

X 

Stores Separation Analysis 

• SC5 


X 

X 

Six Degree-of-Freedom Trajectory Analysis 

SC6 

X 

X 

X 

Aerodynamic Stability Derivative Generation 

SCI 

X 

X 

X 

Propulsive Control Requirements Specification 

SCI 

X 

X 

X 

Sensor Requirements Specifications 

- 


X 

X 

Flight Control Simulation 

SC3 

X 

X 

X 

COMPUTER PROGRAMS 





TRIM-STAB General Analysis of Control Systems 

SC2 

X 

X 

X 

Evaluates Pertinent System Characteristics 





LAUNCH Simulates the Launch or Flight of a Missile 

SC6 


X 

X 

or Booster During Launch. Determines 
Control System Requirements. 





CATAPULT Simulates the Catapult Launch of an Aircraft 

SC4 


X 

X 

to EvMuate Performance and Control System 
Requirements. 





3270 General Differential Equation Solver. 



X 

X 

Equations in Laplace Notation. 
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Figure 3-66. Program TRIM-STAB 
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Figure 3-68. Catapult, p^i^Jfbrmance Analysis 
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Figure 3-70. Program LAUNCH 


























TABLE 3-8. OPERATIONS RESEAR-CH CEP'S AND COMPUTER PROGRAMS 



■■ 


' TASKS 


PD 

DP 

Mission Effectiveness 

ORl 

X 



Simplified, manual definition of mission, derivation of 
mathematical mO'del’-df mission performance, and hand 

* * ‘ } j'f' ' ,<> 

computation of airplane effectiveness in that mission. 
Typical measure of effectiveness is the number of air- 
planes required to accomplish a fixed task. 

' 




•Transport Mission Effectiveness 

OR2 


X 


Determines transport fleet size required serve 
specified route system and tonnages. 





Tactical Mission Effectiveness Determination 

OR3 


X 

X 

Simulation of aircraft operation in a tactical environment. 





Strategic Mission Effectiveness Determination 

OR4 


X 

X 

Simulation of aircraft operation in a strate^c environ- 
ment. 





Preliminary Basing and Operations Analysis 

OR5 


X 


Estimation of support requirements (e.g. , tankers, 
maintenance, spares, personnel) Implied by proposed 
basing scheme. 





Availability Analysis 

-OR6 

- 

X 

X 

Simulation of maintenance and operations of a wing of 
aircraft to determine turnaround time 'distribution, 
maximum sortie rates and alert rates. 





Support Assets Determination 

OR7 


X 


Determination of spares, AGE, and personnel required 
to sustain an operating unit of aircraft under various 
circumstances. 
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TABLE 3-8. OPERATIONS RESEARCH CEP'S AND COMPUTER PROGRAMS (CONT'D). 




Design Phase 

___ ORIGINAL PAGE IS 

1 Aoi\o pryOP OTT A T TTV 


C 

PD 

DD 






Preliminary Survivability Evaluation 

OR8 

X 



Estimation of probabilities of survival for single en- 
counters with various threat types (e. g. , SAMs, inter- 
ceptors) as formation of performance parameters (e. g. , 
speed, penetration altitude) . 





Vulnerability/Survivability Evaluation 

OR9 

X 



Utilizes manual estimates of vulnerable area to rank 
competing candidates or as input to weapon simulation 
models to compute relative probabilities of survival. 





System Analysis Studies 

OR 10 

X 



Survivability Evaluation 

ORll 

OR12 



X 

Principal aircraft structural and subsystem components 
are represented geometrically in computer model which 
generates tables of vulnerable areas as function of aspect 
angle and kill level. Tables are then input to various 
weapon simulation models for computation of survival 
probabUities in ej^licit tactical situations. 




X 

COMPUTER PROGRAMS 





Strategic War Model 



X 


Determines targets killed and aircraft attrition for a, 
mixed force of aircraft attacking a defended target 
complex. 



'' 


Penetration Simulation Model 

‘ 


X 

X 

Provides a detailed simulation of an attack on a strategic 
target complex by a fleet or aircraft. 

J 
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TABLE 3-8. OPERATIONS RESEARCH CEP'S AND COMPUTER PROGRAMS (CONT'D) 



CEP 

Design Phase | 

COMPUTER PROGRAMS 

C 

■PD 

DO 

Cruise-Out Model 



X 

X 

Determines feasible routings for strategic aircraft and 
tankers from bases to penetration point. 





Liniited War Effectiveness Model 


X 

X 


Computes effectiveness measures (e. g. , targets killed per 
sortie, attrition rate) for an aircraft operating in a 
tactical environment. 





SAM Encounter Model 


X 

X 

■X 

Simulates an encounter between an aircraft and a SAM 
site. 





Air Interceptor Model 


X 

X 


Determines feasible intercept points along the flight path 
of an aircraft flying through a complex of interceptor 
bases and radar installations. 





Maneuvering Aircraft Survivability Model 





Dynamic simulation of maneuvering aircraft engages by 
"~antiair craft artillery and automatic weapons. 





Subsystem Simulation Model 



X 

X 

Determines turnaround time distribution and asset 
requirements of each subsystem. 





Network Analysis Model 



X 

X 

Determines maintenance turnaround time distribution 
for an aircraft. 
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TABLE 3-8. OPERATIONS RESEARCH CEP'S AND COMPUTER PROGRAMS (CONT'D-) 
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•DISCIPLINE; OPERATIONS RESEARCH 
CONCEPTUAL DESIGN PHASE 


DISCIPLINE 

ORIGINATING INPUT DATA 

INPUT DATA 


EVALUATION PROCESS* ORl 
MISSION EFFECTIVENESS' 


OUTPUT DATA 


DISCIPLINE 

RECEIVING. 

DATA 


MISSION 

SPECS 


AERO 


OPERATIONS 

RESEARCH 


RELIABILITY 

MAINTAINABILITY 


MISSION DEFINITION: 
FLT PROFILES 
TARGETS 
' tiEFENSES 
WPNS EFFEC. 
PAYLOADS 
DISTANCES 
SURVEILLTANCE 
TIME 


AIRPLANE PERF; 
RANGE PAYLOAD 
SPEED 

MANEUVER- ' 
ABILITY 
T.O. & L DIST. 


VULNERABILITY 


TURNAROUND 

TIME 


ANALYZE TERMINAL MISSION 
EFFECTIVENESS: 

TARGETS KILLED VS PAYLOAD 
SURVIVABILITY 

PAYLOAD DELIVERED VS FIELD 
LENGTH 

DETECTIONS VS TIME ON STATION 
CONVERSION/ATTACK PROBABILITY 


COMPUTE MISSION EFFECTIVENESS 
OF SINGLE AIRPLANE VS RANGE ^ ' 


COMPUTE FLEET SIZE REQUIRED TO • 
ACCOMPLISH TOTAL MISSION OBJECTIVE 


TARGETS AT- 
TACKED/KILLED 
PER SORTIE 

PAYLOAD 

DELIVERED 

PRODUCTIVITY 
ATTRITION 
FLEET SIZE 


DESIGN 

EVALUATION 


ECONOMICS 





















Figure'J^S. Transport Mission Effectiveness' 
























Figure 3-73, Tactical Mission Effectiveness Determination 





Figure 3-74. Strategic Mission Effectiveness Determination 
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DISCIPLINE; OPERATIONS RESEARCH 
PRELIMINARY DESIGN PHASE 


DISCIPLINE 

ORIGINATING INPUT DATA 

INPUT DATA 


EVALUATION PROCESS; 0R5 
PRELIMINARY BASING & OPERATIONS 
ANALYSIS 


OUTPUT DATA 


DISCIPLINE 

RECEIVING 

DATA 


MISSION 

SPECS 


DESIGN 


AVIONICS 


PROPULSION 


PERFORMANCE 


MISSION 

PROFILES 


SUBSYSTEM 

DESCRIPTIONS 


SPECIFIC 

RANGE 

CURVES 


DEFINE OPERATIONAL SCENARIO 

• FLIGHT SCHEDULES 

• ALERT RATES 

• ALTERNATIVE BASE LOCATIONS 


DETERMINE: 

• MAINT. MAN-HOURS PER 

FLIGHT HOUR 

• AGE/FLIGHT HOUR 
•SPARES/FLIGHT HR. BY 

ANALOGY WITH SIMILAR 
SUBSYSTEMS 


DETERMINE TANKER 
REQUIREMENTS 
• TYPE 
•NUMBER 


NO. TANKERS, 
PERSONNEL, 
AGE, SPARES, 
REQUIRED FOR 
OPERATION PER 
WING 


COMBINE WITH FLIGHT HOURS 
IMPLIED BY SCHEDULES TO 
OBTAIN TOTAL AGE, SPARES, 
PERSONNEL 






















DISCIPLINE: OPERATIONS RESEARCH 
PRELIMINARY DESIGN PHASE 


DISCIPLINE 
ORIGINATING 
INPUT DATA 


INPUT DATA 


EVALUATION PROCESS: 0R6 
AVAILABILITY ANALYSIS 


OUTPUT DATA 


DISCIPLINE 

RECEIVING 

DATA 


DESIGN 


PROPULSION 


AVIONICS 


HISTORICAL 

DATA 


MISSION 

SPECS 


D, t 


LRU 

DESCRIPTIONS 


D,t 


Dy t 


HISTORICAL 
RELIABILITY 
ESTIMATES 
FOR SIMILAR 
LRU'S 


MISSION 

PROFILES 


FOR EACH LRU 
DETERMINE; 

• MEANTIMES BETWEEN 

FAILURE 

• REPAIR TIME DISTRI- 

BUTIONS 

• MAINTENANCE REQUIRE- 

MENTS 


DETERMINE 

TYPICAL 

MISSION 

TIMER 


H 


FOR EACH SUBSYSTEM DETERMINE: 
PROB. OF MAINTENANCE/FLIGHT 
REPAIR TIME DISTRIBUTIONS 
(SUBSYSTEM SIMULATION MODEL) 


LAY OUT MAINTENANCE 
SEQUENCE (PERT NETWORKS) 
FOR SUBSYSTEMS 


DETERMINE TURNAROUND TIME 
DISTRIBUTIONS FOR TOTAL 
AIRCRAFT (NETWORK ANALYSIS 
MODEL) 


Ja 


AIRCRAFT 
TURNAROUND TIME 
DISTRIBUTION 


T^G 


MAINTENANCE MAN 

HOURS/FLIGHT 

HOUR; 

• BY LRU 

• BY SUBSYSTEM 

MEAN TIMES 

BETWEEN 

MAINTENANCE 

• BY LRU 

• BY SUBSYSTEM 

AGE UTIL. PER ' 
FLIGHT HOUR 

• BY LRU 

• BY SUBSYSTEM 


DESIGN 

EVALUATION 


DESIGN 


PROPULSION 


AVIONICS 


OPERATIONS 
RESEARCH 
(SUPPORT 
ASSETS DET.) 


o o 

^ a 

^ o 


§ ^ 
o 




CO 


Figure 3-76. Availability Analysis 




























DISCIPLINE; OPERATIONS RESEARCH 
PD/D DESIGN PHASE 


DISCIPLINE 

originating input data 

INPUT DATA 


EVALUATION PROCESS: 0R7 
SUPPORT'ASSETS DETERMINATION 


OUTPUT DATA 


DISCIPLINE 

RECEIVING 

DATA 


MISSION 

SPECS 


DESIGN 

PROPULSION 

AVIONICS 

HISTORICAL 

DATA 


MISSION 

PROFILES 


ORGANIZATIONAL 

GROUND-RULES 


LRU 

DESCRIPTIONS 

AGE 

DESCRIPTIONS 

SCHEDULED 
MAINTENANCE 
REQUIREMENTS 
FOR SUBSYSTEMS 
(OR SIMILAR 
SUBSYSTEMS) 


DETERMINE BASE ORGANIZATION 
AND OPERATING POLICY; 

• FLIGHT SCHEDULES 
•MAINTENANCE ORGANIZATIONS ^ 
•SUPPLY PIPELINES 
.NUMBER OF AIRCRAFT 


DETERMINE AGE, SPARES, AND 
PERSONNEL REQUIRED BY 
SCHEDULED ACTIVITIES 


DETERMINE AGE, SPARES AND 
MAINTENANCE PERSONNEL 
REQUIRED BY UNSCHEDULED 
MAINTENANCE 


DETERMINE SUPPORT PERSONNEL 
REQUIRED 


SPARES, AGE, 
AND PERSONNEL 
REQUIRED PER 
OPERATING UNIT 


DESIGN 

EVALUATION 


COST 


OPERATIONS 

RESEARCH 

(AVAIL. 

ANALYSIS) 


MAINTENANCE 
MAN-HOUR PER 
FLIGHT HOUR 
MT BF 
AGE UTIL, 

PER BLIGHT HOUR 

• BY SUBSYSTEM 

• BY LRU 






























Figure 3~78. Survivability Evaluation 
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Figure 3-80. System Analysis Studies 
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DISCIPLINE: OPERATIONS RESEARCH 
DETAILED DESIGN PHASE 

DISCIPLINE 
ORIGINATING 
INPUT DATA 

INPUT DATA 

EVALUATION PROCESS; ORll 
MANEUVERING AIRCRAFT SURVIVABILITY 
MODEL 

OUTPUT DATA 

_____ 

DISCIPLINE 
. RECEIVING 
DATA 


MISSION 

PROFILES 


WEAPONS 
DATA BANK 


3-DIMENSIONAL 
FLIGHT PATH 
HISTORY 


WEAPON 

CHARACTERISTICS 


determine TIME OF FIRST DETECTION 
AND TIME WITHIN FIRING RANGE 


COMPUTE WEAPON AIMING ANGLES 
AND AIRCRAFT ATTITUDE AT EACH 
TIME INCREMENT WITHIN FIRING 
RANGE 


TIME HISTORY 
AND CUM PROS 
OF HIT KILL 
AND SURVIVAL 


OPS RES 


SIMULATE WEAPON AIMING ERRORS 
AND COMPUTE PROB OF HIT PER 
SQ FT OF VUL AREA VS. TIME 


MULTIPLY HIT PROB BY VUL AREA 
AT ANGLE OF IMPACT 



















DISCIPLINE: OPERATIONS RESEARCH ' 
DETAILED DESIGN PHASE 

DISC-IPLINE 
ORIGINATING 
INPUT DATA 

• INPUT DATA 

EVALUATION PROCESS: 0R12 
AIRCRAFT VULNERABLE AREA MODEL- 

OUTPUT DATA 

DISCIPLINE 

RECEIVING 

•DATA 


DATA BANK 


SIZE, SHAPE AND 
LOCATION OF 
MAJOR STRUCT- 
TURA*L AND SUB- 
SYSTEM COMPON- 
ENTS’AND THEIR 
VULNERABILITIES 


PROJECTILE 

CHARACTERISTICS 


PROJECT COMPONENTS AT DESIRED 
ASPECT ANGLE. SUPERIMPOSE 
GRID MESH OVER PROJECTION AND 
DETERMINE EXTENT OF GRID 
COORDINATES 


AT EACH GRID INTERSECTION DETER- 
MINE WHETHER PROJECTILE OR FRAG- 
MENT PENETRATES VULNERABLE 
COMPONENT OR WHETHER FIRE OR 
EXPLOSION CONDITIONS EXIST 


TABLES OF 

VULNERABLE 

AREAS 


OPS RES 


FOR EACH SUCCESSFUL PENETRATION, 
ADD ONE GRID SQUARE TO ACCUMU- 
LATED VULNERABLE AREA FOR PROPER 
KILL CATEGORY 


Figure 3-82. Aircraft Vulnerable Area Model 


















DISCIPLINE: RELIABIUTY/SAFETY/SUPPORTABILITY/LOGISTICS 
CONCEPTUAL DESIGN PHASE 


DISCIPLINE 
ORIGINATING 
INPUT DATA 





Ss 

Ss 


INPUT DATA 


SUBSYSTEMS 
GROSS CHARACTER- 
KTirs 

• HYDRAULICS 

• FLT CONTROLS 

• PWR PLANT 
•ETC 


AIRCRAFT AND 
SUBSYSTEM 
INITIAL WEIGHT • 
ESTIMATES ' 


MISSION DESCRIPTORS 
AIRCRAFT SPEEDS 
MISSION LENGTHS 
ORDNANCE AMD 
payload 


• FUNCTIONAL 
COMPLEXITY 
•PRELIMINARY DEF'N 
OF AVIONICS SUIT 
•AVIONICS WEIGHT 


EVALUATION PROCESS; ROI 
RELIABILITY/SAFETY/SUPPORTABILITY/ 
LOGISTIC analyses 


COMPARE, ON A RELATIVE COMPLEXITY 
BASIS, CONCEPTUAL POINT DESIGN(S) ■ 
VS CURRENTLY OPERATIONAL AIR- . 
CRAFT HAVING SIMILAR MISSION: 

USE'AIRCRAFT AND SUBSYSTEM 
WEIGHTS AND COMPLEXITY TO MAKE 
INITIAL ESTIMATES OF; 

• AIRCRAFT ATTRITION (LOSS) RATES 

• ABORT RATES 

• PROBABILITY OF MISSION SUCCESS 

• EXPECTED MAINTENANCE MAN- 

HOUR PER FLIGHT HOUR BURDEN 
ON SUBSYSTEM LEVEL 

• EXPE'CTED FREQUENCY OF MAIN- 

TENANCE PER FLIGHT 

• SERVICING AND TURNAROUND TIMES 

PER FLIGHT 

• break RATE/REPLY CAPABILITY 


OUTPUT DATA 


AIRCRAFT LOSS 
RATE 


MAINTENANCE 

MANPOWER 

REQUIREMENTS 


ABORT FACTORS 


MISSION SUC- 
CESS PROBA- 
BILITIES 


DISCIPLINE 

RECEIVING 

DATA 



AS BASELINE 
INPUT TO 
SUBSEQUENT 
DESIGN PHASE 






























'Figuf e '3^''S4*. Reliability Analysis ‘ 
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DtSCIPUNE: MAINTAINABILITY 
pretDesign phase 



OUTPUT DATA 


DISCIPLINE 

RECEIVING 

DATA 



TURNAROUND 
TIME LINES 


G 


MAINTAINABILITY 
AND LOGISTICS 






























DISCIPLINE: SAFETY 
PRE-DESIGN PHASE 


: DISCIPLINE 


ORIGINATING 
' INPUT DATA 

INPUT DATA 


EVALUATION PI 
SAFETY ANALV 




Safety Analysis 















DISCIPLINE: LOGISTICS 
PRE-DESIGN PHASE 

■ 



DISCIPLINE 
ORIGINATING 
INPUT, DATA 

INPUT DATA 

EVALUATION PROCESS: RM4 
LOGISTICS ANALYSIS 

OUTPUT DATA 

DISCIPLINE 

RECEIVING 

DATA 


DESIGN 

(SYSTEMS) 


MAINTAIN- 

ABILITY 


HISTORICAL 

DATA 


GSE 

CATALOGUES 


LOGISTICS 


SUBSYSTEMS 

CONFIGURATION 


REPAIR AND 

SERVICE 

TIMES 


MAINTENANCE 

ACTION 

FREQUENCIES 


TYPICAL 
REPAIR TEAM 
SIZES 


LISTS OF 

AVAILABLE 

GSE 


PAST AIRCRAFT 

cnonrvoT c\jctckhc 



CONDUCT PRELIMINARY ' 
MAINTENANCE ENGINEERING 
ANALYSIS (MEA) 


MAINTENANCE AND 
OPERATIONS SIMULATION 
MODEL 




REQUIRED 

GROUND 

SUPPORT 

EQUIPMENT 


NO ./TYPE/ 
QUANTITY OF 
MEN FOR 
AIRCRAFT 
(MAINTENANCE) 


SPARES TYPE 
IDENTIFICATIONS 


SPECIAL MAINTE- 
NANCE FAILURE 
REQUIRED 


INITIAL ESTIMATE 
OF TECHNICAL 
PUBLICATIONS 
PAGES 


OPERATIONAL 
































TABLE 3-9. ECONOMIC ANALYSIS CEP»S AND COMPUTER PROGRAMS 



Qj 

Design Phase j 

TASKS 

C 

PD 

DD 

Total System Cost Analysis 

EOl 

X 

X 


Cost Sensitivity and Design Trade Off Analysis 

E02 

X 

X 

X ■ 

COMPUTER PROGRAMS 





COSTC Total system parametric cost model 


X 

X 

X 

STRCOST Airframe structure cost analysis 



X 

X 


TABLE 3-10. THEORETICAL PIRST-UNIT COST 


AIRFRAME 


Basic Structure 


Wing 

Body 

Empennage 

Nacelle 



Subsystems 


Cooling System 
Lubricating System 
Fuel System (Less Tanks) 
Fuel Tanks 
Engine Controls 
Starting System 

Primary & Final Assembly 


Alighting Gear 
Surface Controls 
Auxiliary Power 
Instruments & Navigation 
Hydraulic & Pneumatic 
Electrical 
Electronics 
Armor 

Furnishings & Equipment 
Air Conditioning & Anti-Icing 
Photographic 
Auxiliary Gear 


Mission Equipment Installation 
Acceptance Operations 
PROPULSION 
Primary 
Secondary 
AVIONICS 

New Design . 

Prior Prediction 


Engine Associated 

Air Induction *• 

Exhaust System TOTAL FIRST UNIT- COST 
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DISCIPLINE: ECONOMIC ANALYSIS 
CONCEPTUAL AND PREDESIGN DESIGN PHASE' 

• 


J 

DISCIPLINE 
ORIGINATING 
INPUT DATA 

] 

INPUT DATA 

EVALUATION PROCESS: EOl 
TOTAL SYSTEM COST ANALYSIS 

OUTPUT DATA 

DISCIPLINE 

RECEIVING 

DATA 


CONFIGURATION |D 
DESIGN 


AERODYNAMICS 


MASS 

PROPERTIES 


THERMO- 

DYNAMICS 


DYNAMICS 


AVIONICS 

DESIGN 


STRUCTURAL 

DESIGN 


OPERATIONS 

RESEARCH 



AVIONICS 

SUIT 


STRUCTURAL 

CONCEPTS 


UTILIZATION 
RELIABILITY 
AVAILABILITY 
OPER. CONCEPT 


NOTE: ' 

THIS CEP EMPHASIZES GREATER 
DETAIL IN THE ANALYSIS AS IT • 
MOVES FROM CONCEPTUAL TO 
PREDESIGN PHASE. 
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TYPE CONSTRUCTION 
DETAILED WEIGHTS 
EMGINETHRUST 
NO. ENGINES 
MAXIMUM SPEED 

REFERENCE 

WEIGHTS 

EACH SUBSYSTEM 

REFERENCE 

COST/LB 

EACH SUBSYSTEM . 
COST/LB 

WEIGHT SCALING 
EACH SUBSYSTEM 


OTHER CHARACTERISTICS 
BYPASS 

OVERALL PRESSURE RATIO 

DIRECT 
ESTIMATES 
(IF DESIRED) 

COST PERCENTAGE FACTORS 
ASSEMBLY 

MISSION EQUIP INSTALL 
ACCEPTANCES 





THEORETICAL FIRST-UNIT COST 
AIRFRAME 
PROPULSION 
AVIONICS 



Figure 3-89. PM.rst-Unit Cost Model Functions 




9X1 


INPUT 


COSTING LOGIC 


OUTPUT 



DIRECT OPERATING COSTS 

• militI-ry pay and allow. 

• flight' operations 

• AIRCRAFT REWORK 

• engine' OVERHAUL 

• MISCISUPPORT 

• SPARE'AND repair PARTS 

INDIRECT SUPPORT COSTS 

• TRAINING 

• LOGISTICS 

• PERSONNEL 

• MEDICAL 

• SUPPLY 

• FACILITIES 

• OPERATIONS 


Figure 3-93. Operating Cost Estimating Methodology 









Figure 3-94.' Cost Sensitivity and Design Tradeoff Analysis 































TABLE 3-12. STRUCTURAL LOADS CEP'S AND COMPUTER PROGRAMS 



CEP 

Design Phase 

TASKS 

G 

PD 

DD 

Establish Prelinainary Structural Design Criteria 

SLl 

X 



Design Critique 

SL2 

X 



Formulate Design Criteria 

SL3 


X 

X 

Determine Preliminary Structural Layout Loads 

SL4 


X 


Perform Symmetric Maneuver Load Trend Survey 

SL5 


X 


Determine Landing and Ground Handling Design Loads 

SL6 


X 


Calculate Wing Panel Point Loads Distributions 

SL7 


X- 

X 

Determine Fatigue Loads Spectra 

SL8 


X 


Perform Fatigue Evaluation 

SL9 


X 


Perform Gust Loads Analysis 

SLID 


X 


Support Loads Model Wind Tunnel Test Program 

SLll 


X 

X 

Airplane Rigid Body Initial D 5 mamic Maneuvers Response 

SL12 


X 


Parameters Envelope 





COMPUTER PROGRAMS 





RLl Balanced Sjnnmetric Maneuver Load Trends 



X 

■ X 

RL9 MIL-A-8861 Discrete Gust Analysis 



X 

X 

B05 Fatigue Damage Due to Maneuver and Continuous 



X 


Turbulence 





UBl Landing Gear Design Loads (MIL-A-8862) 



X 

X 

TC4 Wing and Tail Distributed Loads and Panel Point Loads 



X 

X 
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DISCIPLINE: STRUCTURAL LOADS 
CONCEPTUAL DESIGN PHASE 


DISCIPLINE 
ORIGINATING 
INPUT DATA 


INPUT DATA 


EVALUATION PROCESS: SLl 
ESTABLISH PRELIMINARY STRUCTURAL 
DESIGN CRITERIA 


OUTPUT DATA 


DISCIPLINE 
. RECEIVING 
DATA ■ 


AERODYNAMICS 


PERFORMANCE 
ESTIMATES AND 
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AERO. DATA 


MISSION 

ANALYSIS 


MISSION 
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CONFIGURATION 

DESIGN 


GEOMETRY 


MASS 

PROPERTIES 


TOTAL WT. AND 
C.G. ESTIMATE 


PROPULSION 


ENGINE THRUST 
ESTIMATE 


PROJECT 

OFFICE 


TYPE 

SPECIFICATIONS 


II 


DIVE STUDIES 



DIVE 

ENVELOPES 

A 





V-n DIAGRAMS 



V~n 

DIAGRAMS 

H 





REQUIRED FLUTTER 



FLUTTER 

BOUNDARIES 

H 


BOUNDARIES 


STRUCTURAL 

DYNAMICS 


*4aerodynamics 


STRUCTURAL 

ANALYSIS 


Figure 3-95. Preliminary Structural Design Criteria 
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DISCIPLINE STRUCTURAL LOADS 
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EVALUATION PROCESS: SL3 
FORMULATE DESIGN CRITERIA 


OUTPUT DATA 


DISCIPLINE 

RECEIVING 

DATA 
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T t 
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"f 

T.t 

G, 

f 

T.t 

G, 

f 

T.t 

G 

fj 
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G 
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CONTROL ,p 
SYSTEMS'' . 


CUSTOMER 
AGENCY SPECS 


CONFIGURATION 

DESIGN 


AIRPLANE TYPE 
AMD GENERAL 
CONFIGURATION 
CONCEPTS 


1 G. T 


T, G, 
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T, G 
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T. G I 

{I 


T. G 


SPECIFIC USAGE 
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REQUIREMENTS 
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DISTRIBUTION 
DATA 
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• SYSTEM 
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APPLICABLE 
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T 
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CONFIGURATION CONCEPTS 
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T 


SPECIFIC DETAILED 

H 
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•DESIGN & 


•SPEED/ALT LIMITS 
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•MANEUVER LOAD FACTOR 

•FLIGHT LOADS 

f- 
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Figure ,3-97. Formulate Design Criteria 
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Figure 3-98. Preliminary Structural Layout Loads 
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Figure 3-99. Symmetric Maneuver Loads Trend Survey 
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Figure 3-100. Landing/Ground Handling Loads 
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DISCIPLINE STRUCTURAL LOADS 
PRELIMINARY DESIGN PHASE (LATER STAGES) 


DISCIPLINE 
ORIGINATING 
INPUT DATA 


INPUT DATA 


EVALUATION PROCESS SL7 
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Figure 3-101. Wing Panel Point Load Distribution 
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Dl SCIPLINE: STRUCTURAL LOADS 

PRELIMINARY DESIGN PHASE (LATER STAGES 


EVALUATiIn PR0CESS:SL8 
FATIGUE LOADS SPECTRA 


DISCIPLINE 
ORIGINATING 
INPUT DATA 


INPUT DATA 


OUTPUT DATA 


DISCIPLINE 

RECEIVING 

DATA 



SPECS 


AIRCRAI^ 

USAGE: 

MISSIONS, 

CONFIG'S, 

GROSS 

WEIGHTS 




FATIGUE DESIGN 
CRITERIA: 

•SERVICE LIFE 
•ATMOS. PARAMS 
•MANEUVER SPECT. 
•LANDING & TAXI 
SPECTRA 

•SCATTER FACTOR 


DETERMINE MEAN LOADS AND 
CYCLIC LOADS SPECTRA FOR 
AIRCRAFT USAGE TIMES 
SCATTER FACTOR 




FATIGUE LOADS 



FATIGUE 


SPECTRA: 


T'P 

ANALYSIS 


• G“A"G 




•GUST 




•MANEUVER 




•LANDING i 


M 

STRUCTURAL 

•TAXI 

1 


Tr 

LOADS 


Figure 3-102. Fatigue Loads Spectra 





Figure 3-103. Fatigue Evaluation , 
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DISCIPLINE: STRUCTURAL LOADS 
PRELIMINARY DETAIL DESIGN PHASE 

• 

DISCIPLINE 
ORIGINATING 
INPUT DATA 

INPUT DATA 

EVALUATION PROCESS; SLIO 
GUST LOADS ANALYSIS 

OUTPUT DAtA 

DISCIPLINE 
RECEIVING 
DATA . 


COMFIGURATIONI D 
DESIGN 


SPECS 


MASS 

PROPERTIES 


SPECS 


PERFORMANCE 


.AERODYNAMICS, 


STRUCTURAL 

DYNAMICS 


STRUCTURAL 

LOADS 


GEOMETRY: 

external 

.‘SHAPES AND DIMEN 



M'AS-S DISTRIBUTION: 
•STRUCTURAL •PAYLOAD 
• EQUIPMENT .ETC 
•FUEL 


AIRCRAFT USAGE; 

• CONFIGURATIONS 
•MISSIONS 
• .GROSS WEIGHTS 


RIGID AERO DATA; 

• OVERALL AIRPLANE 

• COMPONENT BUILD-UP 


AEROELASTICITY: 
•OVERALL AIRPLANE 
•COMPONENTS 


FLEX AIRPLANE 
DYNAMIC 

RESPONSE- PARAMS 
A AND No 


MANEUVER CRI- 
TERIA STRUCTURAL 
LOADS DATA; 
•COMPONENT 

PRE. DES. LOADS 
• COMPONENT 
LOAD TRENDS 



LOADS 


V. STRUCTURAL 
DESIGN 


STRUCTURAL 

SIZING 



























Figure S-IOS. Loads Model Wind Tunnel Test Program Support' 
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Figure 3-106. Airplane Initial Dynamics Maneuver Response Envelopes 

















TABLE 3-13. STRUCTURAL ANALYSIS CEP'S AND COMPUTER PROGRAMS 



CEP • 

Design Phase 

TASKS 

C 

PD 

DD 

Structural Arrar^ement and Concept Design Support. 

SAl 

X 

X 


Multispar Box Material and Structural Concept Trade Studies, 

SA2 

X 

X 


Advanced Composite Fuselage Section Optimization. 

SA3 


X 

X 

Finite Element Fuselage Synthesis. 

SA4 


X 


Material Selection. 

SA5 

X 

X 

X 

Finite Element Structural Analysis, 

SA6 


X 

X 

a. Internal Loads Analysis 

b. Deflection Analysis 
G. Stress Analysis 

d. Stiffiaess and Flexibility Data Generation. 





Finite Element Stress Modal and Analysis. 

SA7 


X 

X 

Fuselage Multiple Station Synthesis, 

SA8 


X 


Wing Aeroelastic Synthesis Procedure (WASP). 

SA9 


X 


Preliminary Fatigue Analysis. 

SAIO 


X 


Fatigue Analysis for Unit Damage Data. 

SAll 



K 

Fatigue Test Evaluation and Qualification. 

SA12 




Fracture Control. 

•SA13' 


X 

X 

Flaw Growth, 

SA14 


X 

X 

Fracture Arrest. 

SA15 


X 

X 

Nuclear Vulnerability/Survivability Assessment. 

SA16 


X 

X 

Structural Test Planning and Test Support. 

SA17 


X 

X 

Detailed Stress Analysis. 

SA18 



X 
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TABLE 3-13. STRUCTURAL ANALYSIS CEP'S AND COIVEPUTER PROGRAMS (CONT'D) 


COMPUTER PROGRAMS 


SEO/ Family of Multi-Spar Box Analysis 

Family Procedures Used to Facilitate Material 
and Structural Concept Trade Studies. 

RJ4 Optbox n is a box beam minim um weight 

design algorithm. 

TC6 Fuselage Section Analysis. 

ATO Composite Structural Box Synthesis. 

TL7 Finite Element Stress and Modal Analysis. 

XQ4 NASTRAN Finite Element Stress Analysis. 

CIAAS Finite Element Structural Analysis. 

FADES Finite Element Fuselage Synthesis. 

NOVA Skin/Stringer Sizing. 

WASP Wing Aeroelastic Synthesis. 


■■Ei 


Design Phase 
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DISCIPLINE: STRUCTURAL ANALYSIS 
PRELIMINARY DESIGN PHASE 




DISCIPLINE 


EVALUATION PROCESS; SAl 


DISCIPLINE 

ORIGINATING 
INPUT DATA 

INPUT DATA 

STRUCTURAL ARRANGEMENT AND CONCEPT 
DESIGN SUPPORT 

OUTPUT DATA 

RECEIVING 

DATA 


CONFIGURATION 

DESIGN 


LOADS AND 
CRITERIA 


STRUCTURAL 

DYNAMICS 


MATERIAL 


MATERIAL 

SELECTION 


DEFINITION OF 
EXTERNAL SHAPE 


CRITICAL LOAD 
CONDITIONS, 
DESIGN CRITERIA, 
ETC. 


REQUIRED STRUC- 
TURAL STIFFNES- 
SES TO SATISFY 
AEROELASTICITY, 
FLUTTER, DIVER- 
GENCE, ETC. 


CANDIDATE MATER- 
IAL PROPERTIES, 
SUCH AS MATERIAL 
STRENGTHS, STIF- 
FINE'SSES, FRAC- 
TURE TOUGHNESS, 
STRESS CRACK 
CORROSION, THER- 
MAL DEGRADATION, 
ETC. 


SELECT CANDIDATE STRUCTURAL 
ARRANGEMENTS AND CONCEPTS 


DEFINE A MATRIX OF CONCEPTS TO 
BE ANALYZED BY COMBINING THE 
VARIOUS CANDIDATE STRUCTURAL 
ARRANGEMENTS, STRUCTURAL CON- 
CEPTS, AND MATERIALS 


SIZE AND WEIGH EACH ELEMENT OF 
THE CONCEPT MATRIX USING COM- 
PARABLE METHODS THAT TAKE INTO 
CONSIDERATION THE'VARIOUS DESIGN 
CRITERIA, MATERIAL PROPERTIES, 
REQUIRED STRUCTURAL SITFFNESS, 
ETC. 


DISPLAY RESULTS GRAPHICALLY AND/. 
OR TABULARLY AND SELECT THE MOST: 
PROMISING CONCEPT THAT ACHIEVES 
A BALANCE BETWEEN WEIGHT CONTROL 
AND COST EFFECTIVENESS 


MATRIX-OF'COM- 
PONENT'SI-ZES 
AND WEIGHTS FOR 
CANDIDATE, STRUC- 
TURAL ARRANGE- 
MENTS /.‘STRUC- 
TURAL CONCEPTS, 
AND MAT-ERIALS 


SELECTED CONCEPT 


CONFIGURATION 

DESIGN 


OO 

^ § 

Si 

tdg 

cj P 


MANUFACTURING 


INDUSTRIAL 

ENGINEERING 


STRUCTURAL 
CONCEPT FEAS- 
IBILITY AND 
MANUFACTURING 
COSTS 


■ Figure 3-107. Structural Arrangement and Concept Design Support 
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Figi^e 3-108. Multispar Box Material and Structural Concept Trade Studies 
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Figure 3-109, Advanced Composite Fuselage Section Optimization 























EVALUATION PROCESS: SA4 
FINITE ELEMENT FUSELAGE 
SYNTHESIS 


FUSELAGE SYNTHESIS FINITE 
ELEMENT ANALYSIS 


GENERATE FINITE ELEMENT 
MODEL 


PANEL, NODE/THERMAL LOADS 


INITIALIZE DESIGN, 
GAGES, ETC. 


DETERMINE FINITE ELEMENT 
STRESSES' 


DETERMINE ALLOWABLE 
STRESSES FOR ELEMENTS 



OUTPUT DATA 


DETAILED DESIGN 
INFORMATION 

THICKNESSES L 
STRINGER 
SIZES 

FRAME SPACING 


STIFFNESS 

DATA 

K MATRIX 


INTERNAL LOADS 
DEFLECTIONS - 
STRESS LEVELS 
• MARGINS OF 
SAFETY ' 


THEORETICAL 

WEIGHtS 


DISCIPLINE 
RECEIVING 
. DATA 



/IS\ 

/the\ yes 

DESIGN VJ- 
ACCEPT-/^A 
\ABLE / 


' /have\ 

/ THE \ 

' INTERNAL \ 
LOADS 

sCONVERGE^NO 


■ |NO' 

REDESIGN THE 
' ELEMENTS l a 


NOTE: '1 

THIS CEP IS AUTOMATED ALTHOUGH' 
WITH LIMITED CAPABILITY IN VARIOUS 
FUNCTIONAL BOXES. 

































Figure 3-111. Material Selection 


























DISCIPLINE: STRUCTURAL ANALYSIS 
PRELIMINARY AND DETAILED DESIGN PHASES 


DISCIPLINE 

ORIGINATING INPUT DATA 

INPUT DATA 


CONFIGURATION I D/t- 
DESIGN 


STRUCTURAL ID 
DESIGN 


MATERIALS 


LOADS AND |G,L 
DESIGN CRITERIA 


STRUCTURAL 

DYNAMICS 


MASS 

PROPERTIES 


MANUFACTURING 


STRUCTURAL |DJ 
ANALYSIS 


DEFINITION OF 
EXTERNAL SHAPE 


STRUCTURAL 
ARRANGEMENT 
AND CONCEPTS 


MATERIAL PROP- 
ERTIES SUCH AS 
STRENGTH, STIFF- 
NESS, FRACTURE 
TOUGHNESS, THER- 
MAL DEGRADATION, 
ETC. 


CRITICAL LOAD 
CONDITIONS AND 
DESIGN CRITERIA 


STRUCTURAL AND 
SYSTEMS MASS DIS- 
TRIBUTIONS FOR 
PRESCRIBED SETS 
OF DEGREES OF 
FREEDOM 


MANUFACTURING 

CONSTRAINTS 


INITIAL STRUC- 
TURAL SIZES 


EVALUATION PROCESS: SA6 
FINITE ELEMENT STRUCTURAL 
ANALYSIS 


SELECT FROM E|NITE ELEMENT ANAL- 
YSIS PROCEDURES-AVAILABLE THE 
ONE MOST APPROPRIATE FOR THE 
ANALYSIS DESIRED. MAJOR CONSID- 
ERATIONS ARBi . 

INPLANE STRESS PROBLEM 
BENDING AND INPLANE STRESS 
PROBLEM ‘ 

SIZE OF SIMULATION 
LINEAR OR NON-LINEAR ELASTIC 
PROBLEM 

THERMAL STRESSES INCLUDED 
COMPLEX STRESS DISTRIBUTION 
MODAL ANALYSIS REQUIRED 
BUCKLING ANALYSIS 


GENERATE FINITE ELEMENT MODEL 
USING AUTOMATED METHODS FOR 
STANDARD STRUCTURES SUCH AS 
BOX STRUCTURES AND FUSELAGE 
STRUCTURES. COMPLEX STRUC- 
TURES ARE USUALLY DONE BY HAND, 


GENERATE OTHER REQUIRED DATA 
SUCH AS NODE POINT LOADS, GEO- 
METRY, MATERIAL PROPERTIES, 
SUPPORT CONDITIONS, AND MASS 
DISTRIBUTIONS USING AUTOMATED 
METHODS WHERE POSSIBLE • hA 


PERFORM REQUIRED STRUCTURAL 
SIMULATION ANALYSES 


DO RESULTS APPEAR TO BE REASONABLE? 


REDESIGN THE 
ELEMENTS 


CHECK SIMULATION FOR 
ERRORS AND REANALYZE 
IF REQUIRED H 


OUTPUT DATA 


DEFLECTED SHAPE 
INTERNAL LOADS 
ELEMENT STRESSES 
PRINCIPAL STRESSES 
MARGINS OF SAFETY ' 
STRUCTURAL WEIGHTS 
CRITICAL FAILURE 
MODES 


RESIZED STRUCTURE 


REDUCED STIFFNESS 
AND FLEXIBILITY 
MATRICES; MODE 
SHAPES AND 
FREQUENCIES 


DISCIPLINE 

RECEIVING 

DATA 



STRUCTURAL 

DESIGN 


STRUCTURAL 
DYNAMICS • 
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discipline:, srpucruKAi anaiysi s 

PIUL IM/DPTAll DESIGN PHASE 


DISCIPLINE 
OKICINATING 
INPUT DATA 


INPUT DATA 


IVAUIAEION PliOCESS. SA7 

HMirr FUMENT srwss AND MODAI AMAIYSIS IPliOCEDUITE TL7) 


OUTPUT DATA 


DISCIPLINE 

RECEIVING 

DATA 


CONFIGURATION 


D, L 


DTFINiTlOH OF 
EXTERNAL SHAPE 


CINERATE FINITE ELEMENT MODI I l)IILI?INC FAMILY 
OF CONSTANT STRESS BAR AND PIATE (LEM! NTS 


LOADS AND 
DESIGN CRITERIA 

0 

-i4 

CRITICAL LOAD 
CONDITIONS AND 
DESIGN CRITERIA 








MATfRIAl PROPIRTirS 


MATERIALS 


G, r, 


SU(,M AS STRENGTH, 
STIFFNESS, FltACTUHE 
EOUCHNESS, IIIEUMAL 
DEGfTADATION. EEC. 


X 


DEVELOP INPUT DATA TO DEFINE MATH MODEL 
•AlODE POINT OIOMEERY •FIEMINT DEFINITIONS 
•MIJITIPLF SUPPORT (-OND •A1ULTIPIT LOAD CONDITIONS 

•TliniMAl DISTRIBUTION ' -MATIRIAI PROPIUTITS 

•fil DIICTD I) 0 F SI TS •LIIMPI D AlASb CIS Tl!l BlITIONS 


CrNULATE STRUaURM STIEENESS MATRIX AMD 
STORE ON TAPI IT Rl Oil I RED 




NO 


STRUCTURAL 

DESIGN 

1 


STRUCTURAI ARRANGIWINT 
AND CONCEPTS 


n 


1 


STRUCTURAL 

DYNAMICS 


4 ^ 


WEIGHTS 




STRUCTURAL PLUS 
SVSTCAES MASS DISTRIBUTION 
FOR prescribed STTS 
OF DEGREFS OF fRETOOM 


MANUFACTURING 




MANllFACrURIMG CONSTITAINTS 


D. T 


STRUCTURAL 

ANALYSIS 




INITIAL SERUUURAl SI/IS 




INPUT STIFFNESS MATRIX 
FROM TAPI IF RfQtlIRrO 


DOING STRI SS ANALYSIS 




SOIVI FOR SIRIIcniliAL DIflU.IID SHAPE ANDIIIMINF 
SrUfSSIS Ililll/ING Hll SIITINISS Ml IIIOD 


JZ 


lAR STRI SS I NON-I INI AR STIil S S 
ANAIYSIS 


ANAIYSIS 


COMPUTI MAROINS OF SAFI lY loR 
lACII IIEMI'NI BASIO ON SIRINGIII 
AND CHCKUNG (.RITIRIA, RlSI/F 
lACII rilMFNI lOR YIRO ((II M S OR 
MINIAIHM GAG! SRT Wl IGII SFRIICT, 


T 


COMI’IHI SICANT AlODllLUS 
CORK! SPONDING TO THE COAU’UITD 
STRI SS 1 1 VI! lOR I ACM ELTMINE 
AND AVI RAGI WITH Hlf PRIVIOUS 
tiSII) VAIHI 101) RIRUN 




X 


HAS nil MOUII BliN I)(ANAIY/IIJ Hll PRlS(.RIIilD NUMRI R OE TIA1ES 




NO 


PI VJ I OPING RIDIJC I D SniFNI SS MATRIX 
Yl S ~ 


A DE VI 1 OP Rl DUCI I) S [ 1 1 ( Nl S S T. I LI X I B I L 1 1 Y MA TR I C( S FOR RE TA I NED D 0, E. 




DOING MODAI ANAIYSIS 
HTyts 


COAIPIITI MODI FKFOllINCIiS AND SHARIS FOR INPUT MASS STTS 


DEFlCCTFO SHAPE 
INTERNAL LOADS 
El EMENT STRESSES 
PRINCIPLE STRESSES 
MARGINS OF SAFETY 
STRUCTURAL WEIGHTS 
CRITICAL FAILURE MODE 


RCSI2ED STRUCTURE 


STRUCTURAL 

ANALYSIS 


REDUCED STIFFNESS 
AND REXIBILITY 
MAERICES.MOOF 
SIIAT’ESANDFREOUFNCJES 


SERIJCIURAL 

DESIGN 





STRUCTURAL 

DYNAMICS 


Figure 3-113. Finite Element Stress and Modal Analysis 








































140 


DISCIPLINE: STRUCTURAL ANALYSIS 
PRELIMINARY DESIGN PHASE (EARLY STAGES) 


DISCIPLINE 
ORIGINATING 
INPUT DATA 


CONFIGURATION I D 
DESIGN 


INPUT DATA 



DYNAMICS 


THERMODYNAMICS 


MATERIALS 


MANUFACTURING 


STRUCTURAL 

DESIGN 


STRUCTURAL 

ANALYSIS 


GEOMETRY 

EXTERNAL 

SHAPE 


LOADS 

RIGID BODY LOADS 
SHEARS, AXIAL 
BENDING MOMENTS 


MATERIAL 
PROPERTIES 
DESIGN TEMPER- 
ATURE E, G, Ftu, 


MANUFACTURING ■ 
CONSTRAINTS 

MINIMUM GAGES 
MAXIMUM PLATE 
.THICKNESSES 
MACHINING CUT- 
TER CLEARING 
ETC. 



FATIGUE 
ALLOWABLE 
STRESS CURVES 


EVALUATION PROCESS; SA8 
FUSELaGE multiple STATION 
SYNTHESIS 


FUSELAGE MULTIPLE STATION 
SYNTHESIS 


COMPUTE STATION ’ 
INFORMATION 

NODAL COORDINATES ‘ 
STATION SECTION LOADS 
INITIAL DESIGN 
ETC. 


APPLIED STRESSES 

COMPUTE BOX BEAM 
APPLIED INTERNAL 
LOADS 

COMPUTE APPLIED 
STRESSES 

: ^ I 

ALLOWABLE STRESSES 
DETERMINE ALLOWABLE 
STRESS FOR EACH ELE- 
MENT OF THE CROSS 
SECTION 


/ IS \ 
^HE DESIGN^ 
^ACCEPTABLE^ 


REDESIGN THE 
ELEMENTS OF THE 
CROSS'SECTION 


/LAST\ 

STATION 

V ? y 


OUTPUT DATA 


DETAILED DESIGN 
INFORMATION 
THICKNESSES 
STRINGER 
SPACING 
ELEMENT 
SIZES 


STIFFENESS DATA 
El & GJ 


APPLIED 
STRESSES 
MARGINS OF 
SAFETY 


THEORETICAL 


DISCIPLINE 

RECEIVING 

DATA 


STRUCTURAL 

DESIGN 



STRUCTURAL 

DYNAMICS 


STRESS 

REPORTS 


MASS 

PROPERTIES 





































Figure 3-115. Wing Aeroelastic Synthesis Procedure (WASP) 
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DISCIPLINE. STRUCTURAL ANALYS I S 
PRELIMINARY DCSIGN PHASE 


DISCIPLINE 
ORIGINATING 
INPUT DATA 


INPUT DATA 


EVALUATION PROCESS :-SA10 
PRELIMINARY FAIIGUE ANALYSIS 


OUTPUT DATA 


AIRCRAFT 

SPECIFICATION 


OESICN CRITERIA 
REQUIRED LIFE 
SCATTER FACTOR 


ANALYSIS IS FOR 
(It ALLOWABLE STRESS 
(2l FATIGUE DAMAGE 


IS ANALYTICAL 
Kl SUIFICIENT? 


MATERIALS 


STRESS 


MATERIAL PROPERTIES. 
S-N DATA (Sm. Sa,MI ]_ 
FOR VARIOUS KT'S 
Ftu 


LOAD SPECTRA 
G-A-G, GUST, 
MANEUVER, 
LANDING, TAXI 


UNIT STRESS DATA 


CALCULAIE KL 


DEVLLOPMENIAL lESl 
specimen RLOUIRLD 


CALCIHAII 
lAlltiNI 1(1 


COMPUTER FATIGUE 
analysis — DAMAGE = 
FOR CONTROL POINI 


ALLOWABLE q 

fatigue — 

STRESS 


FATIGUE ' T.L 
DAMAGE 



FATIGUE & 
FRACTURE 


ALL CONTROL 
POINTS analyzed' 


NEXT 

CONTROL POINT 


CALCULATE lATIGUE DAMAGE 
FOR SELECTED Kl's AND UNit 
STRESS DATA AT SELECTED 
CONTROL POINTS 


COMPUTER FATIGUE ANALYSIS 
FOR DESIRED Kl, MATERIAL L.T 
AND STRESS RANGE 
DAMAGE - n/N 


,Kt-2.0 
Kt =3.0 


'Kt = 4 0 


DAMAGE 


Figure 3-116. Preliminary Fatieue Analysis 























' -'"Figure 3-117,. Fatigue AnaVsis for Unit Damage Data 
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DISCIPUNE; STRUCTURAL ANALYSIS 
DETAILED DESIGN PHASE 


'DISCIPLINE 


ORIGINATING 
'INPUT DATA 

INPUT DATA 


EVALUATION P 
FATIGUE TEST 
QUAL)FICATlO^ 


AIRCRAFT 

SPECIFICATION 


MATERIALS 


LOADS 


FATIGUE AND 
FRACTURE 


DESIGN CRITERIA 
REQUIRED LIFE 
SCATTER FACTOR 


MATERIAL PROP- 
ERTIES S-N DATA 
( N) FOR 
VARIOUS KfS 



PRELIMINARY 
FATIGUE ANALYSIS 
RESULTS 


n/N, K-j* 


REVIEW FATIGUE 
ANALYSIS RESULTS. 
AND LOAD SPECTRA 
TO DETERMINE THE 
SIGNIFICANT LOADS 
FOR FATIGUE TEST 


SET UP A TEST 
SPECTRUM USING 
SELECTED LOAD 
LEVELS AND CON- 
DITIONS 


COMPUTE FATIGUE 
DAMAGE FOR THE 
TEST SPECTRUM ' 
DEVELOPED 


^^DOESX. . 

NO \ 
*<k|pectrum produce; 

DESIRED 

\DAMAGE/ 


PREPARE TEST PLAN 
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DETERMINE INSTRU- 
MENT REQUIREMENTS 
AND TEST DATA RE- 
QUIREMENTS AND 
DOCUMENT THESE 
REQUIREMENTS 
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REQUIREMENTS 


PROOF TEST 
PHILOSOPHY 


FRACTURE MECHAN- 
ICS DATA 

FLAW DESCRIPTION 
MATERIAL PROPER- 
TIES 

MAGNIFICATION 

FACTORS 
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Figure 3-119. Fracture Control 






























DISCIPLINE; Sp^UCTURAL ANALYSIS 
PRELIMINARWD DETAILED DESIGN PHASES 
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DtSCIPUNE: STRUCTURAL ANALYSIS 
•PRELIMINARY AND DETAILED DESIGN PHASES 
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Figure -3-121 . 'Fracture Arrest 
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DISCIPLINE: STRUCTURAL ANALYSIS 
PRELIMINARY AND DETAILED DESIGN PHASES 
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TABLE 3-14. STRUCTURAL DYNAMICS CEP'S. AND COMPUTER PROGRAMS' 
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•TABLE 3-14. STRUCT13RAL DYNAMICS CEP'S AND COMPUTER PROGRAMS (CONT'D) 




CEP 


COMPUTER PROGRAMS r Continued^ 

C 

PD‘ 


AT5 

Steady state finite element aerodynamic tecfinique 
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TABLE 3-14. STRUCTURAL DYNAMICS CEP’S AND COMPUTER PROGRAMS (CONT’D) 


COMPUTER PROGRAMS (Continued) 

TH3 

Program is used to combine procedures AA8 and SK5 
to formulate the flutter solution for a complete air- 
plane system. 
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Curve fitting ani interpolation procedure. This 
.program is used to interpolate the modes for slopes 
and deflections at the aerodynamic control points 
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the analysis of the cynamie response of an elastic 
vehicle. 
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aircraft to random atmospheric turbulence and/ or 
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for including gust alleviation systems, 
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A flutter optimization program used to resize finite 
elements of a structural simulation to obtain the 
required flutter speed with reduced weight. 

CSMP 

A taxi and landing procedure used to compute the 
gear and airframe response. 
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Computes constant sound pressure level contours 
for overall and octave band frequencies in a jet 
near noise field. 

AIX 

Computes soupd pressure levels from engine and 
aerodynamic data. Computes panel response to the 
noise and compares with allowable acoustic fatigue 
life. 

UA4 

Computes far-field noise levels from basic engine 
parameters. 
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Figure 3-127. Aircraft Gust Response Analysis 
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Figure 3-128, Flow of Programs, Symmetric Analysis 
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Figure 3-129. Flow of Programs, Antisymmetric Analysis 
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Figure 3-131. Acoustic and Vibrations Analysis 
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Figure 3’132. Thermal Environment and Structural Temperatures 
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Figure 3-134. Preliminary Propulsion Installation Definition 
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Figure 3-136. AGE Analysis for Preliminary Design 
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Figure 3-137. Secondary Power System Preliminary Design Definition Process 
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Figure 3-138. Conceptual Armaments System Design Process 
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Figure 3-139. Preliminary Armament System Definition 

















